Although further studies are needed to generalize these results to different samples, to confirm its fall risk estimation capabilities and to improve its usability, the Unified Balance Scale presents itself as a psychometrically sound outcome measurement tool to evaluate the effectiveness both of fall reduction plans and of rehabilitation interventions aimed at improving balance.
the variables they claim to quantify, if clinical and research inferences are to be made from these tools (2) (3) (4) .
In an earlier paper we presented the Unified Balance Scale (UBS), a new activity-based, bed-to-community and aetiologyindependent measurement scale for balance within the neurorehabilitation setting (5). We constructed UBS by merging items from 3 existing scales of balance (the Berg Balance Scale (BBS), the Performance Oriented Mobility Assessment (POMA) and the Fullerton Advanced Balance Scale (FAB)), and its validity, reliability and measuring properties were demonstrated under the framework of Rasch analysis, which provided support for the internal construct validity of the instrument. once the latter has been established, it becomes important to evaluate other properties, such as external validity, responsiveness, interpretability of the measures and usability (3, 4) for a safe and feasible implementation of the new measuring tool, both in the clinical and the research setting.
Thus, this paper reports on the evaluation of the psychometric and clinical profile (external validity, responsiveness, interpretability and usability) of the UBS.
MeThodS

Patients and setting
Full details of the patients and setting are given elsewhere (5). In brief, data were collected within a Rehabilitation unit in an Italian general hospital from April 2007 to June 2009. All patients with a neurological disease requiring rehabilitation admitted to the unit as in-or outpatients were included in the study. For inclusion, patients needed to be able to sit unsupported for 30 s without using their upper limbs or to participate, even minimally, in transfers (5). Where possible, inpatients were assessed twice (on admission or as soon as the inclusion criteria were satisfied and, respectively, upon discharge from the unit), for responsiveness evaluation purposes. All observations were collected by 4 raters on a convenience sample of 217 patients. For 85 inpatients pre-treatment and post-treatment observations were available, making a total sample of 302 observations available for analysis.
All patients gave their informed consent to take part in the study that was undertaken in compliance with the ethical principles set out in the declaration of helsinki (6).
Tools administered and administration guidelines
The BBS, the Tinetti Balance (TB) and Tinetti Walking (TW) scales (subscales of the POMA) and the FAB were administered to all patients. The following additional instruments were also administered for external validity purposes: the Timed up & Go test (TuG); the 10-mt walking test (10mtWT); the Functional Ambulation Classification (FAC); the Walk-ing handicap Scale (WhS); both the motor and the cognitive subscales of the FIM TM ; the Trunk Control Test (TCT); the Motricity Index (MI). Furthermore, as more able patients underwent balance training with the Biodex Balance System Sd TM (Biodex Medical Systems Inc., new york, USA), patients' performances on this device's static (Balance Biodex TM postural stability test (BBPS)) and dynamic (Balance Biodext TM fall risk test (BBFr)) posturographic tests were measured within 72 h of the administration of the other tools. Additional variables recorded included both length of stay (lOS) and discharge destination for inpatients.
details of the raters' training and the administration protocol are given elsewhere (5). The latter, and the scoring guidelines, are available on request from the corresponding author.
Exploration of the psychometric and clinical profile of Unified Balance Scale
After data collection, the UBS was calibrated, merging items from BBS, POMA and FAB, as described previously (5). Assumptions of normality were tested for UBS measures, TUG, 10mtWT and the BBPS and BBFr tests by using the Kolgomorov-Smirnov statistic. If the latter was not significant (normality assumption met), the appropriate parametric statistics were employed. In all other cases, or if the scale was ordinal, the appropriate non-parametric statistics were employed.
The following classical psychometric and clinical properties for UBS were tested:
• Concurrent criterion validity (4) . In this context, it was tested by examining the correlation of UBS total scores with the total scores of the originating balance scales (BBS, TB, FAB), for which "very strong" correlations were expected.
• External construct validity (4) . Three types of external construct validity were examined:
• Convergent validity (7) was tested by examining the correlation of UBS with other scales and indicators related to walking (TW; FAC; WhS; item walking of motor FIM TM ; 10mtWT), functional mobility-balance (TuG), and motor independence (motor FIM TM ). All these correlations were expected to be from "strong" to "moderate".
• Divergent validity (7) was tested by examining the correlation of UBS with indicators of trunk control (TCT), cognitive independence (cognitive FIM TM ), limbs motricity (MI) and balance at the impairment level, represented by BBFr and BBPS. These correlations were expected to be from "moderate" to "weak".
• Group differences or discriminating validity, aiming at demonstrating that UBS was able to detect differences in groups known to differ in the quantity of balance. In particular, it was hypothesized that if UBS were a measure of balance, significantly higher UBS measures should be found in a variety of conditions, such as: full trunk control (TCT > 100); modified independence or above in motor activities (motor FIM™ ≥ 78); being able to transfer independently (FIM TM transfer ≥ 6) and to walk independently (FIM™ walking ≥ 6); being discharged in comparison with being just admitted to rehabilitation; being discharged home; and, finally, being discharged within 2 weeks of admission.
• Responsiveness or sensitivity to change (2). The relative responsiveness of UBS and originating scales was evaluated at the group-level by calculating an effect-size statistic (difference between the means at discharge and at admission divided by the standard deviation on admission) (8). In addition, responsiveness at the individual level was evaluated, using the individual significance of change method recently proposed by hobart et al. (9) . In particular, the significance of the individual changes (sig-change) was obtained by dividing the change score for each individual person (difference between discharge and admission score) by the square root of the sum of the squared standard error values at admission and discharge (9).
• Interpretability (4) . Three goals were established for the analysis of interpretability of UBS:
• To equate on a common metric the UBS' raw scores and the corresponding BBS, POMA, TB, TW, FAB and TUG scores. The discriminatory accuracy of UBS scores towards each score point of each originating scale and of the TuG was determined using receiving operator characteristic (rOC) curves. The youden's Index (sensitivity + specificity -1) was then used to identify the optimal UBS cut-off maximizing both sensitivity and specificity (10). For each selected score, several diagnostic performance indicators (sensitivity, specificity and diagnostic accuracy) were calculated and reported.
• To provide an estimate of the risk of falling associated with each UBS stratum. In an earlier paper we had demonstrated that UBS was able to identify in this sample up to 9 strata (5), i.e. the statistically distinct levels of person ability that one scale can reliably distinguish (11). As the originating scales had been equated to the UBS ruler (5), it was then possible to link to various UBS scores the estimates of fall risk of the corresponding scores of the originating scales. Finally, a mean estimate of fall risk per stratum was calculated by simply calculating the mean of all the estimates of fall risk for the UBS score points falling in that stratum.
• To evaluate the level of balance ability at which various functional mobility goals were achieved in this sample. The optimal UBS score points maximizing sensitivity and specificity were identified using youden's Index for the following outcomes: need for supervision, modified independence or independence in activities known to be at risk for falling, such as, respectively, transfers and walking (12, 13) as expressed by the scores of 5, 6 and, respectively, 7 of the corresponding FIM TM items.
• Predictive validity (14) . The predictive validity of UBS scores was evaluated on admission to rehabilitation in terms of relative risk of discharge to nursing home and relative risk of length of stay > 6 weeks. We also evaluated the relative risk of subsequent discharge to nursing home for patients at the end of the planned rehabilitation treatment.
• Usability (4) . Administrative burden was evaluated by estimating a theoretical administration time for UBS considering the mean administration time of the originating scales, whereas respondent burden was checked by evaluating the responses to a satisfaction survey administered to the patients after the administration of the instrument. In order to improve usability, we established the minimum patient's ability criteria for the administration of UBS.
Statistical analysis
For all statistics, significance levels were set at 0.01. To facilitate the interpretation of the absolute values of correlation coefficients, a modified version of the cut-off criteria provided by Pallant (15) 
reSUlTS
Patients recruited
Sample descriptive statistics have been reported elsewhere (5).
Exploration of the psychometric and clinical profile of Unified Balance Scale
The Kolgomorov-Smirnov (KS) test was not significant at the 0.01 level both for the UBS (n = 302; Z = 1.39; p = 0.410) and the BBFr (n = 115; Z = 0.70; p = 0.597), thus supporting the assumption of normality for these two measures. on the other hand, the latter could not be confirmed for the other interval-level indicators, as all KS tests resulted significant (TuG: n = 127, Z = 2.35, p < 0.000; 10mtWT: n = 124, Z = 2.03, p = 0.001; BBPS: n = 38, Z = 2.18, p < 0.000). Therefore, for UBS and BBFr parametric statistics could be employed where possible, whereas in all other situations and for all ordinal indicators, only non-parametric statistics were used.
Concurrent criterion validity.
As expected (Fig. 1) , UBS correlated "very strongly" with BBS (Spearman's rho = 0.99, p < 0.000, n = 288), POMA (rho = 0.97, p < 0.000, n = 293), TB (rho = 0.97, p < 0.000, n = 295), and FAB (rho = 0.95, p < 0.000, n = 249). (Fig. 1) showed that UBS correlated "very strongly" with TW (rho = 0.90, p < 0.000, n = 298) and FAC (rho = 0.80, p < 0.000, n = 262). As expected, correlations were "strong" with the indicators of walking independence, such as the WhS (rho = 0.75, p < 0.000, n = 261) and the 10mtWT (rho = 0.60, p < 0.000, n = 124). Correlations were also "strong" with TUG, an indicator of functional mobility and balance (rho=-0.65, p < 0.000, n = 127) and with motor FIM TM , a scale of general motor functioning at the activity level (rho = 0.55, p < 0.000, n = 214).
External construct validity. Analysis of convergent validity
Analysis of divergent validity ( Fig. 1) showed that UBS correlated only "moderately" with TCT (rho = 0.48, p < 0.000, n = 302), with an indicator of limb motricity, such as the MI (rho = 0.47, p < 0.000, n = 236), and with an indicator of cognitive functioning at the activity level such as the cognitive FIM TM (rho = 0.37, p < 0.000, n = 224). Correlations were also "moderate" with indicators of balance at the impairment level, such as the BBPS test (rho = -0.43, p < 0.000, n = 115) and the BBFr test (rho = -0.39, p < 0.000, n = 38).
Analysis of discriminant validity confirmed the validity of all the hypothesis generated as shown in Table I . effect sizes were all large (> 0.80) with the exception of the comparison between persons discharged within 2 weeks and those with a longer lOS, for which the effect size was just moderate (0.67). Table II , the effect size for all measures (UBS, BBS, TB, TW, POMA and FAB) were all > 1.0 and, therefore, were regarded as "large" according to Cohen's classification (16) . UBS and BBS both had an effect size of 1.13. TB and TW had, respectively, the lowest (1.05) and the highest (1.27) effect sizes. however, analysis of the individuallevel responsiveness showed that UBS was the best indicator at showing improvement (94.1%), followed by BBS (92.3%), whereas all other indicators showed a percentage of improvement ranging from 74.4% (TW) to 85.1% (POMA).
Responsiveness. As shown in
Interpretability. To equate on a common metric the UBS' raw scores and their corresponding BBS, POMA, TB, TW, FAB and
TUG scores. For each point of the original scale, the equivalent UBS score was identified using rOC curves. Thus, for the BBS (score range: 0-56), the corresponding 57 UBS scores with the highest youden's Index were identified, and the same was done also for FAB (score range: 0-40), POMA (score range: 0-28), TB (score range: 0-16) and TW (score range: 0-12). As a next step, these results were pooled together and ordered by increasing UBS score, as shown in Table III where, as an example, are represented only the UBS scores ranging from 58 to 62. As shown in Table III , scores from different scales were linked to a specific UBS score. For instance, BBS 54 (sensitivity: 93.9%; specificity: 100%), TB 15 (sensitivity 89.2%; specificity 96.3%), and TB 16 (sensitivity: 100%; specificity: 96.7%) were linked to a UBS score of 60.
Considering each original scale score separately (Table IV) , the UBS yielded, on average, "excellent" diagnostic accuracy and specificity (≥ 90%) towards the individual originating scales. Sensitivity was "excellent" for FAB, BBS, and TB (ranging from 97.2 ± 0.6%) and "good" for TW and POMA (respectively 89.8 ± 2.3% and 87.8 ± 2.7%). Also the TuG scores could be linked to specific UBS scores (Table IV) with an average "good" sensitivity, specificity and diagnostic accuracy (respectively, 81.4 ± 3.8%, 82.2 ± 4.3% and 82.3 ± 2.3%).
Further to this, the scores of the originating scales and of the TUG were plotted against the UBS ruler (5), as shown in Fig. 2 . In this way, those scores could be equated on a common metric of balance represented by the UBS ruler, thus allowing their conversion into UBS linear measures of balance and vice versa.
• To provide an estimate of the risk of falling associated with each UBS stratum. For both BBS (18, 19) and FAB (20) fall risk estimations for the whole scale were available, whereas for POMA (21), TW (21) and TB (21, 22) only estimation of fall risk for single scores could be identified. Further to this, all fall risk estimations were linked to the pertaining UBS cut-off scores as established in the previous section.
As shown in Table III , all fall risk estimations falling within the same UBS stratum were then pooled together and, hence, it was possible to estimate a mean risk of falling for that stratum. The stratum fall risks so estimated are presented in Table V and Fig. 3 . As shown in Fig. 3 , the estimated fall risk was very high for the first 4 strata (75-78%), followed by an initial decrease to a 63% fall risk (although not statistically significant) in the 5 th stratum. A very statistically significant further decrease to a mean 27% fall risk was observed on the 6th stratum and, following this, there was a further 13% decrease on the 7 th stratum, followed by minor further decreases in the fall risk in the subsequent strata.
• To evaluate the level of balance ability at which various functional mobility goals were achieved in this sample. As shown in Fig. 2 , the optimal UBS' scores were also determined for the "supervision" and "independence" scores for FIM TM transfers and FIM TM walking using youden's Index. In particular, supervision and independence in transfers were linked to UBS scores of 20 (sensitivity: 70.0%, specificity: 81.8%, diagnostic accuracy: 77.4%) and, respectively, of 36 (sensitivity ranging from to 78.4% to 90.5%, specificity ranging from 55.4% to 73.4%, diagnostic accuracy ranging from 74.2% to 76.0%). Supervision, modified independence and complete independence in walking were linked, respectively, to an UBS scores of 42 (sensitivity: 79.9%, specificity: 64.4%, diagnostic accuracy: 75.5%), of 52 (sensitivity: 81.7%, specificity: 66.7%, diagnostic accuracy: . Although in this sample the diagnostic performance for the FIM TM items was, on average, in the "fair" to "good" range, it appeared that most patients reached: (i) supervision in transfers in the 4 th stratum (fall risk: 69-87%); (ii) independence in transfers and supervision in walking in the 5 th stratum (fall risk: 54-72%); (iii) independence in walking in the 6 th stratum (fall risk 19-37%).
Predictive validity. As shown in Table VI , UBS scores ≤ 47 (upper limit of the 5 th stratum) on admission carried a significant relative risk for both nursing home admission (nhA) and lOS > 6 weeks. For both outcomes, the relative risks were maxima for the first stratum and then progressively decreased across the 4 subsequent strata and became not significant in the last 4 strata.
On discharge from rehabilitation, an UBS total score ≤ 4 carried the highest relative risk for subsequent NhA (RR = 26,00, 95% CI from 2.73 to 247.25). For UBS total score ≥ 5, the relative risks for NhA progressively decreased and became non-significant for an UBS total score ≥ 40 (rr = 1.86; 95% CI from 0.98 to 3.52).
Usability. Considering the published administration times of the selected scales (respectively, BBS: 15-20 min; POMA: 10-15 min; FAB: 5-10 min) (23, 24), we calculated an estimated administration time for the total 40-item set ranging Only the diagnostic performance of the originating scales' scores corresponding to the UBS linked scores falling within the 7 th stratum (UBS scores from 58 to 62) were displayed for space constraints. data were ordered by increasing UBS scores. Within this stratum, the stratum fall risk (14.2 ± 4.6%) was calculated as a mean and 95% CI of all the fall risk estimates linked to the UBS scores falling in this stratum (displayed in the 5 th column). The diagnostic performance of the optimal UBS scores identified for all scores of BBS, FAB, TB, TW and POMA is summarized as mean sensitivity, specificity and diagnostic accuracy for each originating balance scale. The diagnostic performance of TUG is also reported. The respondent burden of the whole assessment protocol was regarded as "acceptable" or "minimal" in terms of time requested, perceived difficulty and distress provoked by, respectively, 95.9%, 92.4%, and 93.4% of the 196 interviewed patients.
In order to establish the minimum patient's ability criteria for the administration of UBS and thus improve usability, all response patterns from patients with a total score of 1 on UBS (n = 21) were observed. From this, it appeared that such a score was determined in 71.4% of cases by a score of 1 in the BBS5 item ("transfers") and in the remaining 28.6% of cases by a score of 1 in the BBS4 item ("from standing to sitting"). As a consequence, the following minimal requirements for the administration of UBS in this sample were suggested: either the ability to perform a transfer from bed to chair and vice versa with the assistance of maximum one person or without help, or the ability to sit without help from the standing position. Fig. 2 . Unified Balance Scale (UBS) measurement ruler with other balance indicators' cut-off scores and estimated risk of falling for each UBS strata. This figure contains 4 parts. The first part (above) is the UBS ruler. Below it, the rulers displaying the optimal cut-offs for the transformation of the originating scale's scores and Timed Up & Go test (TUG) into UBS score points and measures are shown. The small rectangular squares rounding some cut-offs (for instance, Berg Balance Scale (BBS 45)) indicated that these are published cut-offs relevant for fall risk estimation. The third part displays the estimated fall risk for each UBS stratum. Finally, the lower part (grey area) shows the diagnostic performance of the following external outcomes related to functional mobility: need for supervision, modified independence or independence in activities known to be at risk for falling, such as transfers and walking as expressed, respectively, by the scores of 5, 6, and 7 of the corresponding FIM TM items. POMA: Performance Oriented Mobility Assessment; TB: Tinetti balance; TW: Tinetti Walking; FAB: Fullerton Advanced Balance Scale. In this study, we examined the classical psychometric and clinical profile of UBS, demonstrating its external validity, predictive validity and responsiveness as a measure of balance in the calibrating sample. Furthermore, the score interpretability of UBS was ensured by equating the originating scales on a common metric of balance (the UBS ruler), that, in turn, allowed an indirect estimation of the mean fall risk for each UBS stratum. Also, specific UBS scores could be linked to specific rehabilitation outcomes in activities related to mobility that carry a high risk of falls. Analysis of usability suggested a mean administration time ranging from 20 to 30 min and good acceptability among patients. Analysis of criterion and external construct validity confirmed the validity of UBS as a measure of balance at the activity level in the calibrating sample. Indeed, the very high correlations of UBS measures with BBS, TB, FAB and POMA were entirely expected, considering that UBS originates from items of these scales (5). We observed lower, but still strong, correlations with measures and indicators of walking and, to lesser extent, with motor FIM™. This is not surprising considering that balance is a prerequisite to perform effectively basic activities of daily living (25) and it is fundamental for effective stability during gait (25, 26) . The high correlation of UBS with indicators of the latter could also be explained given that the UBS specifically incorporated various items assessing activities requiring balance during walking (such as tandem walk, walking with head turns, initiation of gait, etc.). We found only moderate correlations between UBS and laboratory tests of balance (Balance Biodex™ tests); in particular, we observed a slightly better correlation with the dynamic test (fall risk test) rather than with the static one (postural stability test). All these results were predicted, considering that UBS incorporated mostly dynamic activities, that these tools assess balance at the impairment level (by measuring postural sway) and, finally, that the correlations we found are similar to those reported by Berg et al. (27) for BBS. It should be noted, however, that as these tests require a fairly high level of functioning (28), they could be administered only to a minority of patients in the sample and, thus, this may have influenced the results.
In addition, analysis of discriminant validity confirmed all the hypotheses related to the construct in the examined sample. Quite interestingly, for these analyses we were entitled to make use of parametric statistics (i.e. analysis of variance) because UBS satisfied the requirements of interval-level measurement and the assumption of normality in this sample (29). The possibility of making full use of parametric statistics may provide further opportunities for application of UBS in the research setting, for example in path analysis to determine important moderating or mediating effects for the impact of, say, balance upon participation.
Good sensitivity to change or responsiveness to therapeutic interventions is a mandatory property if a scale is to be used as an outcome measure in routine clinical setting and clinical trials (9). The comparative analysis of group-level responsiveness (effect sizes) showed excellent responsiveness for UBS and of all the comparator measures in this sample, although FAB, POMA and TW showed better effect sizes and, hence, apparently better responsiveness. however, analysis of individual level responsiveness gave a different picture, indicating a better capacity of UBS at showing improvement, whereas FAB, POMA and TW were much less responsive in this sample. This is in line with the recent suggestions by hobart et al. (9) that effect sizes are limited as indicator of responsiveness and may be misleading. Furthermore, it should be noted that effect sizes and the sigchange method are based on parametric statistics (e.g. means and standard deviations), methods that are not recommended for ordinal scales. hence, it is possible that the relative responsiveness of the comparator indicators was inflated in view of their ordinal nature as opposed to the interval scaling properties of UBS, as suggested by a recent study (30) .
overall, from the analyses of interpretability, a key requirement for patient-based outcome measures (4, 31) , several issues that may be relevant for the care of individual patients emerged. Firstly, it appeared that there was considerable variability in the originating scales regarding the cut-off estimations for the risk of a fall, as these cut-offs were dispersed across 4 strata, although most of these cut-offs were concentrated in the 5 th and the 6 th strata that, thus, appeared to be the most relevant ones for the assessment of fall risk. Secondly, the BBS 45 cut-off, generally regarded as a low-fall risk threshold (19, 27) , appeared to lie rather in the 5 th stratum that, according to our results, still carries a high risk of fall (54-72%). In fact, this finding is in line with literature data reporting fall risk estimations for this cut-off ranging from 50% (19) to 76% (18). Furthermore, Riddle & Stratford (32) showed a low sensitivity for this cut-off (leading to 33% missed fallers) and it has been suggested that higher BBS cut-offs (49, 50 or even 55) may in fact be a safer option (18, 32) . our results support these suggestions, as the latter BBS cut-offs lie in or beyond the 6 th stratum which is characterized by a dramatic reduction in the fall risk in comparison with the previous strata. Thirdly, the interpretability data may assist clinicians in planning rehabilitation goals for individual patients. For instance, to be discharged home once they have reached the 6 th ability stratum (27.4 ± 9% risk) may be considered a safe and acceptable rehabilitation goal for most young individuals without cognitive and bone impairments. on the other hand, the same goal may be too risky for an elderly patient with osteoporosis and/or cognitive deficits and/or taking poly-therapy or anticoagulants. All these risk factors for falls may, in fact, make the clinician aim, as a discharge goal, for a higher level of balance ability and/or to prescribe the most appropriate alternative (i.e. walking aids and/or constant supervision) to lower the fall risk further.
The interpretability results may also carry further advantages both for researchers and clinical policymakers. Firstly, it is possible to perform an "instant translation" of scores from one scale to another. For instance, a BBS score of 45 is equal, in terms of "quantity of balance", to a TB score of 13 and to an UBS score of 44 that, in turn, equates to a 58% measure of balance and a 63 ± 9% fall risk on the UBS ruler. This may facilitate the interpretation of the UBS scores in light of the more familiar originating scales' scores and cut-offs. Secondly, the score translation will allow the retrospective comparison of balance scores from different patients and/or from different centres using different balance instruments. Furthermore, comparisons will also be possible prospectively, even in centres using the originating scales alone (BBS, POMA or FAB). The possibility of such comparisons may be relevant in the context of multicentre clinical trials. Finally, the relationship between UBS measures and activities carrying a high risk of falls, such as transfers and walking, uncovered by the analysis of diagnostic performance of the corresponding FIM™ items, showed that, in our sample, both the wheelchair and the walking aids were abandoned when the fall risk may have been too high for some patients. hence, similar kinds of knowledge may contribute to the issuing and/or improvement of local policies and practices in terms of fall prevention. For instance, specific rehabilitation goals and/or outcomes (e.g. walking with supervision, walking with aids and independent walking) may be operationalized by linking those to specific UBS scores in order to minimize the risk of falling.
Although the general validity of the interpretability results should be considered only within the context of our sample, it may be useful to consider two methodological issues. Firstly, the risk of introducing biases due to subjectivity in choosing the optimal UBS linking scores, just on the basis of the specific clinical circumstances in which the diagnostic test was applied (33), was largely reduced by the adoption of a universal criterion of diagnostic performance represented by the youden's Index (10). The latter was preferred to other indicators (e.g. diagnostic odds ratio, etc.) in view of its simplicity and because it does not require sample-dependent information such as prevalence rates (10), which is one of the advantages that makes it the diagnostic index of choice in meta-analyses (34). Secondly, the methodology adopted to establish the strata estimates of fall risk can be regarded itself as similar to a meta-analysis (35), as we combined published fall risk estimates for different scales from different studies after co-calibrating those scales upon the same underlying metric. hence, in our opinion, these two methodological aspects, coupled with the sample-independency characteristics of the UBS measures, specific to rasch-calibrated scales, may enhance the generalizabilty of these results.
The analysis of predictive validity added a further small piece of validity evidence for UBS as a measure of balance in this sample. our results suggested that the lower the balance on admission to rehabilitation, the higher the likelihood of remaining severely dependent and, hence, of being discharged to a nursing home, as well as the higher the risk of prolonged stay as inpatient. These results are in line with literature data suggesting that BBS is a significant predictor of discharge destination and lOS in stroke patients (36). The size of the relative risks for the latter was lower probably because of the influence of other independent variables, such as medical complications and/or social issues (36).
This study did not directly address reliability, as this has been reported at 0.975 in this sample within the framework of Rasch Analysis in a previous paper (5). Another aspect of reliability that was addressed previously is stability of the UBS over time, demonstrated by the absence of differential item functioning for each individual item between pre-and post-treatment assessments (5).
One possible weakness of the UBS was demonstrated in terms of usability, where an administration time longer than the recommended maximum of 15 min for a feasible instrument was estimated (3). This may prevent the routine usage of UBS in view of the long-standing tension between the need for comprehensive measurement of relevant outcomes and the demand for tools that can be administered quickly and easily in busy clinical settings (1). This is a relevant problem that has been only minimally addressed in this paper by providing clear minimum ability criteria for the administration of UBS, thus preventing its inappropriate administration. however, as the consequence of a fall has significant implications for the patient and their future care needs, we believe that an accurate assessment of this risk is vital, irrespective of the length of time taken to assess this risk. Nevertheless, Rasch analysis offers some excellent solutions to this issue (3), and further work is underway to provide clinicians with an efficient mechanism for maximizing the usability of UBS in everyday clinical settings.
Further limitations need to be considered carefully. Firstly, although UBS delivers linear estimates of balance that are sample-independent, all the traditional psychometric methods employed here are strictly sample-dependent (2). This may limit the generalizability of these results to other samples, thus prompting the need for replication in a much larger, multi-centre study involving different settings with different case mixes. Secondly, the estimation of fall risk was indirect and based on pooling the results from different studies. In doing this, we did not weight the results from different analyses and/or different tests, nor did we perform an extensive literature search, and thus we cannot exclude a publication bias. Therefore, these results will need confirmation by other prospective studies in which optimal cut-offs for fall risk will be estimated directly in other samples. Finally, the predictive validity analysis was not performed using logistic regression in view of the severe inequality of the outcome groups (few cases admitted to nursing home and with lOS > 6 weeks).
In conclusion, although further studies are warranted to generalize these results to different samples and to improve its usability, the UBS appears to be a very promising outcome measurement tool to evaluate the effectiveness both of fall reduction plans and of rehabilitation interventions aimed at improving balance.
